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A Study on Position Control of Hydraulic Single-Rod Cylinder Subjected
to Load Disturbance

Il Ro Yoon* and Man Oh Yum'

ABSTRACT

A PID controller integrated with a velocity feedback is designed for fluid power elevator model system in this
study. In this case, for outside disturbance load a hydraulic cylinder and a pressure control valve are used. In this
method overshoot is reduced and settling time becomes also shorter than the values achieved from the PID
controller system only. In conclusion a PID controller integrated with a velocity feedback is considered a suitable
control method for fluid power elevator system.
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F,= disturbance load

Kv= velocity feedback gain
u(k)= control input

y(k)= plant output

Hi1Z ME
A715g AEA2E A N e F2=

F 944 A (double rod cylinden)®} HE= F4A™
T(single rod cylinder)7} 83 AH451 ek W2

AT 20039 29 39 AMsAdY: 20033 1€ 149
s AdUgE A ARGATEE 24
# wAAA: a7 ARE s

E-mail yummanoh@kyungnam.ac.kr Tel. (055) 249-2615

E fAddE ¥R FUA-EA HE 724
o2 74t ALY oln H(seal)dl /M7t Aol A
Zro} golshut, AT 4% el (chamber)H) 2 v} 7}
FTUNA Foug HAge $EUF et &%
o gt HlAFAdo] WAt FEan FAT
AE Pat7)7t oAHT 53] AN # Fa ¥
FAdlE EAEY F54 soto] oH7] dEd
71€ A A7 oz olzd BAE sAsted
€ @A77 St

of't WERE fgAdvY XA olel PIDA
ol& H&3td PIDAINC] Mo Tl M= dF
o 71EdE S A2AEYer AAsUE W £



1532 A203 A123

Ao FF45E A

Watton’2 A3 AF Mpwuo Hes §¢4
Addz 7R A7lFaAAAe] A2 g
OAg = Bir)e JEZE BAVIE A
Aste g ddHH W] e AU HE,
HAA7AF 2B R SHSEAY A% 4TE
Pt

Pietola’ §& #4318 W AVFANBEA 2

2 didez dxidefet HAAe MY det
B ZEXE vag £ e UHe Adsta 2
Z HAE Wy, g4 E 2Eld F59 pA,
MRC(Model Reference Control), P+PID/ i-A|o] &
gt ZF=EAL S vt

o]de AFEL Al4H detvlE Wl nE
HRE {FdAddy AN Ae HBle F2
A7 A, A 2" 57 F sepeEs HEst
4% 2 FEuje HEAlY Ao Eildel #

o]

i

L.
L

& A7 e vEe A ol webx] 2 dFdAE
-rgr° 2] “'E]Hﬂ o] E](Fluid power elevator)$} o] &
A F e Russ g A2RS gEdE

3ty fFEFAlolS ArdBe H2 T fAddnE
A A8S FAStR, PIDA|7](PID controller) &
PIDAo 7] o 4 X3 =W (Velocity feedback)S 7}
3 Aol71 8 MAIS AHS Tt 2 TS &
23 ol HE o fFdAdddel AtEE Ha
T dniel G A o)Wl B (Pressure  control
valve)Z T3 F39l & Alxgle] 93 =g dch

L

H2Z dgol2

AFolA A& A7 HG HBAY AHFE
£ ri Fig 19 LhEbiSich. TRol M #&o] An s
S ARME, $5o P3E FEE BT MY
4 Auteld AUy Hue] F,& Fakslgolh
i 1914 FFUAE Aqen, AREES o
2 3 7)gd FAe FAE, Axgds AxY

¥ 2 vhdeo] Agaha gom, Angus o

ol

A .89 A(orifice)2 o] Fo] 7 AAXME = 7
& o] g3te] Muive FEAL " assa’
Ayste MrEBe f3 Zéél, Fdddn 4
oo AFREo Y3 & WA E Hsid
gge 4e de £ Y ¢

@ dEgrt Asste A9(x20)

90

KK, KA,
sIiMc ,5°+ (MK,+ B¢ L2)s+ (BK,+ A

(1)

G(s)=

@ 2Adb7t sAse FH(x<0)
K K KA
siMc s+ (MK ;4 B¢’ 1)+ (BK ,+ AD]

@

G(s)=

o714, K,—cdufmvps P, .,

K,=cw olat,
= T PP Py
Servo v/v
JX
a
£
<
s
a
Fig. 1 Schematic diagram of fluid power elevator
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Fig. 2 Block diagram of electro-hydraulic system
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Table 1 Specification of the experimental apparatus

Instruments Specification

Main & Sub Keon Young

Hydraulic cylinder Model HA-LB
Operating cylinder 140 kggdem’
Stroke 10.0 cm

Effective area 12.56 cmz, 10.02 cm’

Servo v/v TOKYO PRECISION INS.
Model No. 3F-30L-30-14
Rated flow 30 V/min
Rated pressure 140 kggem’
Rated current 30 mA
Hysteresis Less than 2%
Electro-Magnetic YUKEN
Relief v/v Model No. EBG-03-H
Max. flow 100 Vmin
Rated pressure 210 kggem’
Rated current 840 mA

Computer IBM Pentium-100MHz
DA&C board AXION Technology Co.
Model no. AX5622B
Resolution 16-bit
Conversion time 10 us
Sampling time 40 Ky
Displacement EMPOSONICS
Transducer Model no. PR-S-0300H-D60
Non-linearity +0.002%
Resolution 0.025 mm
Hysteresis Less than 0.004 mm
Stroke 300 mm

Aol &% A=ug ¥R Aol Yotx 1 2
Bl tal nRBY. £ 1AL D BB
o) SAlebeh ASAZ) B9 AAE Zzke) A
olg Watn 1 Azl sl LAY

5.1 2y F5teighol ot Hojds vln

Fig. 6 H3to&S Q7etA] &e e 4
HZA7oltk 24 PIDAE B3 A Y9AA)
oeate IAHA gAY, Fddd Y shAA
17%, 354 T WA F7158 16%9] 2 5E7}
B YES ¢ F Aok EF A HA Fr]dl
A ARAZEE 072201, F AR FU|FE A
SAZHE 00822 FYsith PIDY SEd=we
2715 Aol AS FUAAY FEAle A
2 03%, Al ARAZLE 0522 PIDAOE
3 ARt F2AT) 027 04% GFHY, 2
S Holx gt

o
i=]

o
A



A 4208 A2E

Fig. 7& 2.65kN9 Ra9zg 9713 7
9] Alo]Ax}olr} PIDAO]Y A FdAwE A
f\l 18%, 374X 14~ 16%9 LW HES} H“&!z’f}z

i, PIDO| Szl BIHE Aojef F4 2
*E7} s e &4 £ gk J% Al
319 &g 2A7131A] e A9 Fd3

Fig. 82 6.17TkN9Y R3&jag 713 4
o] AojAeitt, piDA S} A9 FAAdEY
A] 25%, F7AA 1257 15%9 LB+ E7} H“&‘%}

1 PIDY £ EF =S Brksk Aol AL o
TER BA8A ofu Felejhe <vkehA Ao
ATl FAHES Bolxm itk

o:
ofy o

prad

r:‘- P
rlo

2oy 4o

«---Reterence input
PiD
———PID»Velocity F oedback

Position {em]

Time [s]
Fig. 6 Experimental result of cylinder without
disturbance

18
- -~ Reference Input —‘

BT
——PID+Velocity F eednack

Position [em)

Time [s}

Fig. 7 Experimental result of cylinder with a constant

disturbance ( F,=2.65 kN)

93

-=--Reference Input
REPYTS
——PID>Velocity Feedback

Position [cm]

Time [s]

Fig. 8 Experimental result of cylinder with a constant
disturbance ( F,=6.17 kN)

52 Halsol st MojMds H|

2 ATdMe 94 dejdolsEe &3 &
ZAEke ZlEdEE A4 F ReE
A EE A7EHA ¥3 Ha A

A A b AT FRA T F F
6}140:% 6}7P‘} 73 %ol g AF Aol A
HZEE PIDAOIA] LHFEE 454 o DA =
ot} 16%, 33A] 17%=Z FAsE U} FA|HS
0.07%, AANL 0522 Bl <lsslA
%2 PIDA|o] 9 A9 FU3lc)h PIDY £EFHE
Hg RILE Aoje] A W EVL dAEA] &
I PIDA|o|RHE A3 AL uc) FarA|zto] dEE
S Bol1 gln.

Fig. 10 F 44389 e 23 de o &
Atk 6.17TkN, 4.90kN, 3.23kN, 1.76kN
E HFAZE e AdAnE, ol HeHAA
o AAEES FsA vl dANA 2348 Rele F
$E& RARE Aoltl PIDAIA] HYLWFEE
Fig. 99] Aol vla) 17 9% ¥4 Yexten, PID
of £xu=ulg BILG AojoME F v ¢
o] FEgFAA 17%2] W FEI} LA R g o
F9 SFAME LU FET BAEA] ¥ Bo
o gk

Fig. 112 539 3S A7pshA] &1 3ol
AR HIARA £ T P s o
o) gAelet AR F ol it A d o))
A2 5 PIDA A HUYeHFEE A WA &
ANA 12%0]9, o|F2] DANME 17%0] A7
PID] &I =wlg R7LG AojdAe LHFE

]
A
=
Lo



i

Ve = A0 A2i

7 wgsA o, BFAge) DA v
01z BEEE ¢ + Utk

Fig 125 #4499 374 Faae o @
Avltt 6.17kN, 4.90kN, 3.23kN, 1.76kN
2 WEARE We 2YAoln, o AnHol
A AAG AARE SN o) @Ak} 234 P
2t 490l W Rolch PDACIA AW AE
= 2 A4 SACIA Fig 119 Ahut} 7% ¥x
%9 WANNE FIE LHAEES Ushiy
PIDO] $EAERS ¥rhe Al E eMsE
7} $4RA $&E ¢+ Atk PIDACIS PIDA
ofo] $ETENG BAAG Ao F3 Ratsdo]
378 wEae el 1% olatel AA LA B
AHATE 052 ool BEA] Astn Uee
% & qeh

16

144
124 ——PID +Velocity F eecback
10+

08+

Position [cm]

Time fs1

Fig. 9 Experimental result of cylinder without
disturbance

18

16+ - -~~-Reference input
PiD
——PID+Velocity Feedback

144

124

Position [cm]

04 T T T T T T T T T

Time Is]

Fig. 10 Experimental result of cylinder with a variable
disturbance

9%

24
224

~++-Reterence Input

20 -5 PID
18 —— PiD+Velocity F eedback
16+

14

124
104
LERE
06 -

Position fcm)]

04+

021

00+

<02 T T T T T T T T T

Time Fsi

Fig. 11 Experimental result of cylinder without

disturbance

24]
224
20 =
18
15
149
12
104
08
06
0e]

-~ ~--Reterence Input
P
——PID+Velacity F eodback

Position [em]

024
0.0 4
0.2 T

Time [s]

Fig. 12 Experimental result of cylinder with a

variable disturbance

Hed dE

AFolME FEA dHoE s} o] RE
o A-EF AHEHT &H T ERAE Fo)
TE B AN2EE e s A2 AL
Pt a3 22 48 IS

1. 78] @2 A7Me 2 PIDA S 33

o fA A 3= FASA] BRAAIRE, F 17%
£ eBFEZ BAsATH

B
L.
o

T

tlo to. |n

o

oX o

2. PIDAISY ] SESEMS 2 Ao} gy
A gste] PDACINA BHT OHFES Y
Agom FHAZE FHAD £ AUk wepy
PIDACle] SEVEUE Rohg AloPgae] 47
oz AW WLE F4AAHY Aol HFY
Aew @)

Ko
=
PN
F



s3] A0 #1235

A F Relelde WEAR A &

St gtel W thE e PIDXMUP 3
Bt} PIDA o] SEv=wg F74g Ao
7b BEAZYo] g QUFETL HAEA] e F
33 AojdsE Yehid w2t & A7 o
4 ZUES Zo] ERUT FajoRe wEL ¢
HzrE f4dddds PIDA +545\ﬂ1
F7HE A7t AT WEYS &R

Z B
= =
o
=

(o]
AN
) =]
ua
[
T

J7§
32

£ m[o rlr

%7

Lee, J. S., "Position Control of Hydraulic
Single-Rod Cylinder System with PID Controller”,

Korea Uni., M.A. Dissertation, 1990

2. Watton J.,, "A Digita Compensator Design for
Electrohydraulic ~ Single-Rod Cylinder Position
Control System", ASME, J. Dynamic Systems,
Measurement, and Control, Vol. 12, pp.403-409,
1990

3. Pietola M. T., Vilenius M. J., "Sensitivity of A

the
Constructive Parameters in Transient and Steady
State”, Mech. Mach. Theory, Vol. 26, No. 3,

pp-261-274, 1991

Thayer W. J., "Transfer Function for Moog
Servovalves", Moog Technical Bulletin 103, 1965
. Yamahashi K., "Control of an Electrohydrautic
Servo System Using Adaptive Control Techniques”,
SOPHIA UNIVERSITY, Ph.D. Dissertation, 1991

. Im, P. H,, "A Study on the Position Control of
Hydraulic Single-Rod Cylinder Subjected to Load

Position Servo System to Variations in

Disturbance", Kyungnam Uni.,, M.A. Dissertation,
2002

7. Ziegler J. G., Nichols N. B., "Optimum Settings
for Automatics Controls", Trans. ASME, 64,
pp-759-768, 1942

8 Jin, S. M, Im, S. O, Lee, J. O, "Robust

Controller of Hydraulic Servo System with Large

9%

Inertia Load", Proceeding .of the KSPE Annual
Spring Meeting 1995, pp.289-292, 1995



